0 




Europalsches Patentamt 
Europ an Patent Office 
Office urop£en des brevets 



© Publication number: 



0 284 222 

A1 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 88301798.0 
© Date of filing: 02.0188 



© Int. a * B01J 8/02 



(§) Priority: 03.03.87 JP 49591/87 


© Applicant: SUMITOMO CHEMICAL COMPANY. 




LIMITED 


© Date of publication of application: 


15 KItahama 5-chome Hlgashi-ku 


28.09.88 Bulletin 88/39 


Osaka-shi Osaka 541 (JP) 


18*1 r^ocinnatftrl rV^ntraftinn Stat**^* 


(72) inventor Nakano. Kaztihlko 


OE FR GB 


3-1-34, KOUZU 




Katano-shl Osaka(JP) 




Inventor Matsuda, Norfo 




2-29-7, Ooike 




Ibarakt-shl Osaka(JP) 




Inventor Murase, MItsutoshi 




5-1 5, Hosh Jgoe-cho 




Niihama-shi Ehime(JP) 




Inventor: Murakami, Hldeaki 




1-4-20, Hongo 




Nlihama-shl Ehime(JP) 




0 Representative: Bubb, Antony John Allen et al 




GEE & CO.. Chancery House Chancery Lane 




London WC2A 1QU(GB) 



y 



© Rector. 



© In a reactor which allows a feed powder or 
granules (11) in a stack of trays (6) on a base plate 
(7) to be reacted with a reactive gas. each of the 
trays has a cutout or an opening (8) providing a 
passage for the reactive gas or the produced gas at 
the top of one side wall and an opening (9) in the 
--•bottom of the tray at the opposite side, and said 
^base plate (7) has an opening (13) communicating 
^ directly with a common passage (12) formed by the 
fvj openings (9) and through which the reactive gas is 
Nintrod&pp or the produced gas is discharged. 
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Reactor 



The present invention relates to a reactor which 
allows a feedstock in the form of a powder or 
granules to react efficiently with a reactive gas. 

Nitrides such as silicon nitride and aluminum 
nitride, and oxynitrides such as silicon oxynitride, 
aluminum oxynitride and Sialon are reputed for 
their excellent mechanical and thermal properties. 
Silicon nitride has high resistance to heat and ther- 
mal shock. Having high strength both at ambient 
and elevated temperatures, silicon nitride holds 
much promise as one of the high-strength heat- 
resistant materials or high-precision wear-resistant 
materials that can be used to manufacture heat 
engines (e.g., diesel engines and gas turbines) that 
are lighter in weight and adapted to operation with 
higher efficiency while withstanding temperatures 
higher than those permitted by the conventional 
products. Aluminum nitride not only has high heat 
conductivity; it also exhibits excellent electrical 
properties such as high insulation resistance, 
breakdown voltage and dielectric constant, as well 
good mechanical properties such as high strength. 
Having these features, aluminum nitride has drawn 
researchers' attention as a material suibase plate 
for making high thermal conductive substrates and 
packagings. 

The properties of the nitrides illustrated above 
and oxynitrides depend on the properties of the 
powder from which they are produced, so it is 
strongly desired to develop fine powders that have 
good sinterability and which can be obtained as 
high-purity and homogeneous products. 

Nitride and oxynitride powders can be syn- 
thesized by direct nitridation of metals, reductive 
nitridation of oxides, pyrolysis of organometallic 
compounds containing nitrogenous components 
such as imides, or by gas-phase reaction with 
chlorides or some other suibase plate compounds. 
Among these methods, reductive nitridation of ox- 
ides is best suited to the purpose of preparing 
inexpensive but high-quality fine powders on an 
industrial scale- 
In the reductive nitridation of oxides, it is com- 
mon practice to perform a nitridation reaction on a 
powder mixture of silicon oxide or alumina and 
carbon |i$$tacked trays by allowing a reactive gas 
such a^flj^ogen to pass through the trays. For 
successfu^prpdiiction of the high-quality powders 
of njffides S^oxynitrides on an industrial scale, it is 
important tnll the reactive gas such as nitrogen be 
p rmitted^nto the indiwdual trays in an efficient 
and liriifpr^' way ancfcHhat the supplied gas be 
Smoothly discharged from the trays after having 
participated in the desired r action. 

In conventional reactors employed in the re- 



ductive nitridation of oxides, trays each having 
cutouts either in the top of two opposite side walls 
or of the four side walls are stacked on a base 
plate, and a reactive gas is introduced into the 

5 reactor at one end and discharged therefrom at the 
other end. In this method which is generally re- 
ferred to as a "stacked tray" method, most of the 
reactive gas permitted into the reactor flows out- 
side the walls of the stacked trays, and only part of 

to it will flow into the trays, and in order to ensure that 
the reaction will take place to a satisfactory extent, 
it has been necessary to supply the reactive gas in 
an amount much greater than is theoretically re- 
quired. As a further problem, it is difficult to allow a 

75 constant volume of reactive gas to be fed uniformly 
into each of the stacked trays, and this has caused 
- variations in the quality of the reaction product from 
tray to tray. 

An object, therefore, of the present invention is 

20 to provide a reactor in which a feed powder or feed 
granules loaded in trays stacked on a base plate 
are reacted with a reactive gas and which is im- 
proved as regards the structure of the trays and 
base plate in such a way that the reactive gas 

25 introduced into the reactor can be evenly distrib- 
uted among the stacked trays in an efficient man- 
ner and that the reactive gas will flow smoothly 
through the individual trays. 

This object of the present invention can be 

30 attained by employing a plurality of stacked trays 
each of which has a cutout or an opening providing 
a passage for the reactive gas or the produced gas 
both at the top of one side wall and in the bottom 
of the opposite side of the tray, as well as a base 

35 plate having an opening through which the reactive 
gas is introduced or the produced gas is di- 
scharged. 

The invention is illustrated by way of example 
in the accompanying drawings, in which: 
40 Fig. 1(A) is a perspective view of a tray to be 

employed in a reactor according to one embodi- 
ment of the present invention; 

Fig. 1(B) is a perspective view of a base 
plate to be employed in a reactor according to one 
45 embodiment of the present invention; 

Fig. 2 is a cross-sectional view of a batch- 
type reactor according to one embodiment of the 
present invention; 

Rg. 3 shows a longitudinal section of a 
so pusher-type reactor according to another embodi- 
ment of the pr sent invention; 

Rg. 4 is a cross-sectional view of the reactor 
shown in Fig. 3; and 
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Fig. 5 shows a longitudinal section of a 
pusher-type reactor according to still anoth r. em-, 
bodiment of the present invention. 

The reactor of the present inv ntion is suibase 
plate for use in carrying out a reaction between a 
feed in powder or granular form and a gas. The 
reactor is particularly useful as a nitridation furnace 
for allowing a feed powder or granules in stacked 
trays to be reacted with a reactive gas such as 
nitrogen in the synthesis of the powder of a nitride 
(e.g., silicon nitride or aluminum nitride) or an ox- 
y nitride (e.g.. silicon oxynitride, aluminum .ox- 
ynitride or Sialon) by reductive nitridation of an 
oxide. 

The reactor of the present invention may be a 
batch-type furnace or a continuous reactor such as 
a pusher-type furnace in which a plurality of base 
plates supporting stacked trays are successively 
pushed through the furnace as they are guided on 
rails. 

The structures of a tray and a base plate for 
use in the present invention are shown in Figs. 1- 
(A) and (B), respectively. The tray shown by 6 is 
usually made of graphite, silicon carbide, silicon 
nitride, aluminum nitride or some other suibase 
plate material. 

Fig. 2 is a cross section of a batch-type reactor 
according to one embodiment of the present inven- 
tion in which a plurality of trays 6 are stacked on a 
base plate 7. In this figure, 1 is a reactive gas inlet 
port, 2 is a thermocouple for effecting temperature 
control, 3 is a graphite heater. 4 is a gate through 
which the trays are transferred to and from the 
reactor. 5 is a duct through which the gas pro-, 
duced during reaction is discharged, 6 is a tray 
loaded with a feed powder or granules, and 7 is a 
base plate. The tray has cutout 8 in the top of a 
side wall, as well as an opening 9 in the bottom of 
the opposite side of the tray. After the feed powder 
or granules are placed on a portion 10, the neces- 
sary number of trays 6 are stacked in such a way 
that the opening 9 in one tray is in registry with the 
opening in the tray positioned on top of it As a 
result, the openings 9 in the stacked trays 6 pro- 
vide a continuous passage 12 for the gas to be 
produced during the reaction. A reactive gas intro- 
duced into the reactor through the inlet port 1 is 
guided into each tray 6 through the cutout 8 and 
flows over a feed powder or granules 11. At the 
same^Rtfte. the reactive gas diffuses into the feed 
powdecj* granules to initiate the intended reaction. 
Therea^^thii; reactive gas, together with the by- 
pr^uct gfs generated during the reaction, is di- 
scharged from the /eactor via the passage 12 and 
an exhgust port 13 injghe base plate 7. 

i^y'^tue of th«T furnace layout, each of the 
v * trays 6 is constantly supplied with a given amount 
of fresh reactive gas and the by-product gas whicrr 



oft n hamp rs th progress of th int nd d reac- 
tion can be smoothly removed so as to promot a 
more efficient and uniform r action. A further ad- 
vantage is that th potential loss of the reactive gas 
5 is substantially reduqed since practically all of the 
reactive gas supplied pass through the trays before 
discharged frorn the furnace. 

Fig. 3 shows a longitudinal section of a pusher- 
type furnace according to another embodiment of 
10 the present invention, together with the temperature 
distribution profile obtained with that furnace. Fig. 4 
is a cross-sectional view of the same furnace. 
Trays and base plates used in this reactor are 
essentially the same as those depicted in Figs. 1- 
is (A) and (B). 

In Rg. 3, a shell 14 in which a muffle 15 is 
accommodated has reactive gas inlet ports 21 and 
outlet ports 22 through which the produced gas is 
to be discharged from the reactor. A tray entrance 
20 16 and an exit 18 are provided on opposite sides of 
the shell 14 in its longitudinal direction. Rails 18 
are laid on the bottom of the muffle 15 along its 
length so that the. base plates 7 can be push d 
through the furnace from the entrance 16 to th 
25 exit 17. On each of the base plates 7, a plurality of 
trays 6 each loaded with a feed powder or granules 
are stacked in such a way . that the bottom opening 
9 in one tray comes into registry with the opening 
9 in the tray positioned on top of it. The base 
30 plates 7 carrying a stack of trays 6 are mounted on 
the rails 18 at the entrance 16 and pushed into the 
furnace by means of a pusher 19. The base plates 
7 already present ahead of these base plates 7 are 
pushed forward to pass through a soaking zone 20 
35 and further moved toward the exit of the furnace. 
By repeating this step, the base plates 7 carrying a 
stack of trays 6 .are successively subjected to 
reaction in the soaking zone 20 and emerge from 
the furnace through the exit 17. 
40 The basic composition of the pusher-type reac- 
tor shown in Fig. 3 is essentially the same as that 
of a conventional pusher-type furnace, except that 
the trays 6 and base plates 7 employed have the 
structures shown In Fig. 1. As a result the reactive 
46 gas introduced into the furnace through the inlet 
ports 21 successively pass through the trays 6 to 
be effectively utilized in the reaction before being 
discharged through the outlet ports 22. This contri- 
butes to an improved efficiency in the use of the 
so reactive gas since only a negligible portion of th 
reactive gas supplied Is discharged from the reac- 
tor without passing through the trays 6 at all. 

The number and position of the reactive gas 
inlet ports can be varied in accordance with the 
55 specific type of reaction intended. Satisfactory re- 
sults can be attained even when the outlet ports 22 
are used as inlet ports for the reactive gas whereas 
the inlet ports 21 are used as passages through 
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which the gas produced during the reaction is di- 
scharged. However, if the feed and the product are 
highly volatile or in the case where highly volatile 
by-products are lik ly to form in large amounts, di- 
scharge ports are desirably provided in the bottom 
of the muffle 15 in order to avoid potential contami- 
nation of the interior of the furnace. « 

Rg. 5 shows another embodiment of the reac- 
tor of the present invention, in which an exhaust 
zone 23 in the bottom of the muffle 15 is divided 
into a suibase plate number of sections by means 
of partitions 24 and the reactive gas is allowed to 
flow in the directions indicated by arrows 25. In the 
case where the feed contains moisture or a sub- 
stance that will vaporize at low temperatures, the 
layout shown in Fig. 5 is desirable, in which the 
reactive gas is introduced from the bottom of the 
muffle 15 in the temperature decreasing zone and 
is successively passed through the overlying trays 
6 to be heated through heat exchange; thereafter, 
part of the hot reactive gas is introduced into the 
trays 6 in the soaking zone 20 and utilized in the 
intended reaction before it is discharged from the 
furnace; the remainder of the hot reactive gas is 
introduced into the trays 6 in the temperature- 
raising zone so as to effect removal of moisture 
and evaporable substances before it is discharged 
through an exhaust port 26. In case of adopting this 
layout, a flow regulating valve 27 must be fitted on 
the exhaust port 26. 

The reactor of the present invention allows a 
reactive gas to be uniformly supplied into each of 
the trays loaded with a feed powder or granules. In 
addition, the amount of reactive gas that is simply 
discharged from the reactor without taking part in 
the reaction can be reduced to such a low level 
that an intended reaction product of high quality 
can be consistently obtained in an efficient way; If 
the reactor of the present invention is employed, 
nitrides or oxynitrides such as silicon nitride, alu- 
minum nitride, silicon oxynttride, aluminum ox- 
ynitride and Sialon can be produced by the reduc- 
tive nitridation of oxides more efficiently than when 
the conventional reactors are used. 

The design concept of this reactor is also ap- 
plicable to various oxidizing furnaces and sintering 
furnaces. 

While the invention has been described in de- 
tail anriwith reference to specific embodiments 
thereo^^ wiil be apparent to one. skilled in the art 
that v ^^s cJhanges and modifications can be 
made tn^S&fo Without departing from the scope 
thejfcof as (fefined in the appended claims. 



Claims 

1 . A r actor for use in causing a feed powder 
or granular material to be reacted with a reactive 

s gas of th kind wherein, in use, said powder or 
granular mat rial (11) is arranged in trays (6) 
stacked upon a base plate (7) and providing a flow 
path for the reactive gas, characterised in that said 
trays (6) and base plate (7) are so shaped and 

10 arranged that individual gas flow paths between 
adjacent trays (6) of the stack communicate on the 
one hand with corresponding openings (8) provided 
on one side of each tray and on the other hand 
with a common passage (12) enclosing openings 

75 (9) on the other side of each tray (6) and commu- 
nicating with an opening (13) in said base plate (7). 

2. A reactor according to Claim 1, charac- 
terised in that each said tray (6) has in a side wall 
on said one side an opening or recess (8) forming 

20 the said corresponding opening and in the base on 
the other side a gas passage (9), the arrangement 
being such that when said trays are stacked upon 
said base plate the said gas passages (9) therein 
register to form said common passage (12). 

25 3. A reactor according to Claim 2, charac- 

terised in that each tray (6) is of generally rectan- 
gular configuration having a base and vertical side 
walls, three side walls of each tray (6) being ar- 
ranged to register to form continuous load bearing 

ao wails of the stack, a fourth wall on said one side of 
each tray being recessed to define a said cor- 
responding opening (8), and the base of each tray 
having an opening (9) on the other side to provide 
said gas passage whereby the registering load 

35 bearing walls define said common passage (12). 

4. A reactor according to Claim 3 characterised 
in that each said tray (6) has a further recessed 
wall forming a partition wall bounding the opening 
(9) in said base. 

40 5. A reactor according to any one of Claims 1- 
4, characterised in that said reactor comprises a 
housing (14) defining a space communicating with 
all said corresponding openings (8) provided by the 
stacked trays, at least one gas inlet or outlet (1;21) 

45 communicating with said space and at least one 
gas inlet or outlet (5;22) communicating directly 
with said opening (1 3) in the base plate. 

6. A reactor according to Claim 5, charac- 
terised in that the reactor is arranged to receive a 

so plurality of stacks of said trays (6) to be trans- 
ported therethrough and that gas inlets or outlets 
(22) to communicate with said openings (13) in the 
base plates are provided in a floor portion of the 
reactor over which the stacked trays (6) are to be 

55 transported. 
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